IFO 13127 from stock cultures in the Institute for Fermentation, Osaka, also produce curdlan-type polysaccharide. Furthermore, a mutant strain (NTK-u) IFO 13140 derived from Alcaligenes faecalis var. myxogenes 1OC3K was found to produce the polymer (polysaccharide 13140) in a high yield (4) .
NAKANISHI et al. (7) studied the formation of a complex of Aniline Blue with curdlan-type polysaccharide and found that the rate of interaction of the polymer with the dye was proportional to the concentration, degree of polymerization, and gel-forming ability of the polymer.
In the present work, the distribution of curdlan-type polysaccharide and other /-1,3-glucans in microorganisms was studied by staining their colonies with Aniline Blue.
METHODS AND MATERIALS
Strains. Tests were made on 687 strains of bacteria of 44 genera, 60 strains of yeast of 11 genera, and 13 strains of fungi of 6 genera from stock cultures in the Institute for Fermentation, Osaka. Alcaligenes faecalis var. myxogenes 10C3, 1OC3K, and 22, isolated by HARADA and his colleagues (8) , were also examined.
Staining methods. Cell suspensions were prepared from slant agar cultures after incubation for 2 days by dilution with an appropriate volume of water and streaked on a solid medium containing the dye. The medium was composed of 1 % glucose (for bacteria) or 3 % glucose (for yeasts and fungi), 0.5 % yeast extract, 0.005 % dye, and 2 % agar, and was adjusted to pH 7.2. When testing organisms producing acid, CaCO3 (0.3 %) was added to neutralize the medium during incubation, because a pH range of 5 to 7 is required for adequate staining with Aniline Blue. Cultures of bacteria were incubated at 32° for 5 days and cultures of yeasts and fungi at 28° for 6 days. Staining of colonies with dyes was observed by naked eye.
Production of polysaccharide. Test organisms were inoculated into a medium containing 4 % glucose, 0.5 % yeast extract, and 0.5 % CaCO3 and shaken at 32° for 4 days. To examine polysaccharide production by organisms derived from colonies appearing blue stained with Aniline Blue and by their parent strain's, synthetic medium composed of 4 % glucose, 0.15 % (NH4)2HPO4, 0.1 % KH2PO4, 0.05% MgSO4.7H2O, 0.005% FeSO4.7H2O, 0.002% MnSO4 • nH2O, 0.001 CoC12.6H2O, 0.001 % ZnCl2, and 0.3 % CaCO3 was used. In the case of Alcaligenes faecalis var. myxogenes NTK-u IFO 13140, a uracil-requiring mutant, uracil (100 pg/ml) was added to the medium. The amounts of curdlan-type polysaccharide and water-soluble polysaccharide produced in the cultures were determined as follows : The culture was mixed with an equal volume of 1 N NaOH and then centrifuged at 10,000 rpm for 10 min to remove the cells. The resulting supernatant was neutralized by adding 3 N HCl and the precipitate formed was collected by centrifugation at 10,000 rpm for 10 min. It was washed three times with water by centrifugation, and then dehydrated with acetone and dried in vacuo. Polysaccharide in Microorganisms 3 This precipitated polymer is the curdlan-type polysaccharide. After addition of 2 volumes of 90 % aqueous ethanol containing 2 % KCI to the supernatant, the precipitate formed was obtained by centrifugation, and dehydrated with acetone and dried in vacuo. This material is the water-soluble polysaccharide. Preparation and staining of washed and dried yeast cells. Yeast cells were incubated on a medium composed of 3 % glucose, 0.5 % yeast extract, and 2 agar for 3 days. Then about 10 mg (dried wt.) of harvested cells were suspended in 2 ml of 0.1 M phosphate buffer (pH 7) and 2 ml of 0.02 % Aniline Blue solution in 0.1 M phosphate buffer (pH 7) was added to the cell suspension. The suspension was centrifuged, the precipitated cells were washed twice with water by centrifugation, and then the staining was observed. In some experiments about 10 mg of yeast cells was harvested as described above, and then washed and dried in hacuo at below 40°. Then they were treated with Aniline Blue and their staining was observed.
Materials. Aniline Blue, Brilliant Blue, and Congo Red are products of Wako Pure Chemicals Co. and Trypan Blue was from Tokyo Kasei Co. Exo-1-1,3-glucanase from Trametes sanguinea was obtained from S. Kusui (Takeda Chemical Industries, Ltd.).
RESULTS

Staining of colonies of microorganisms, capable of forming curdlan-type polysaccharide
Alcaligenes faecalis var. myxogenes 1OC3K (1), NTK-u (IF013140) (3), and Agrobacterium radiobacter IF013127 (3), which form much curdlan-type polysaccharide, were used as the test organisms. NAKANISHI et al. (7) showed that staining with Aniline Blue is specific for 9-1,3-glucans, including curdlan-type polysaccharide, pachyman, and yeast glucan, while Brilliant Blue, Trypan Blue, and Congo Red stain many kinds of polysaccharides. In the present experiments, colonies forming curdlan-type polysaccharides were found to stain clearly with all the dyes. The results of experiments with Aniline Blue and Congo Red on colonies of Alcaligenes faecalis var. myxogenes NTK-u and Agrobacterium radiobacter IF013127 are shown in Fig. 1 . Colonies of these organisms stained well with both these reagents. Strain NTK-u stained much more intensely than strain IF013127.
In these experiments the culture conditions have a great influence on the staining. The culture medium described under METHODS is suitable for production of curdlan-type polysaccharide. If the amount of nitrogenous compound added is higher than that in this medium, the yield of the polymer decreases (5). Aniline Blue is much more suitable than Congo Red or other dyes for detecting curdlan-type polysaccharide in colonies, since it specifically stains 3-1,3-glucans, such as curdlan-type polysaccharide.
Occurrence of curdlan-type polysaccharide and other f -1,3-glucans in microorganisms First, colonies of bacterial strains which are known to be capable of forming polysaccharides were tested with Aniline Blue and the results are shown in Table 1 . Most of the organisms tested were from stock cultures in the Institute for Fermentation, Osaka. In addition, some strains of Alcaligenes faecalis var. myxogenes and Agrobacterium sp. IFO 13660 isolated from soil by us as organisms producing curdlan-type polysaccharide were also examined. Many species of Agrobacterium (9) and Rhizobium (10) are known to produce many kinds of ,l-glucans, containing 9-1,2-and other kinds of 9-glucosidic linkages. Aerobacter sp. IFO (Table 3) . Yeast glucan prepared from Torula utilis has been shown to stain remarkably with Aniline Blue (7). However, they stained much less strongly than colonies of Alcaligenes and Agrobacterium forming curdlan-type polysaccharide.
The intensities of staining of colonies on agar plates, wet cells, and dried cells were compared in some strains of the yeasts (Table 4 ). In the case of Hansenula anomala IFO 118 and Candida utilis IFO 619, both wet and dried cells stained while colonies on agar plates did not. In the case of Saccharomyces florentinus IFO1088 and Hansenula wingei IFO 978, only dried cells gave a positive staining reaction. No strains of fungi tested gave a positive staining reaction (Table 5) .
Appearance of colonies capable of forming exclusively curdlan-type polysaccharide in streak cultures of the parent strains Previously (1S) a strain IOC3K producing curdlan almost exclusively was unexpectedly obtained by repeated transfers in culture medium containing ethylene glycol as the sole source of carbon. Subsequently (8) many types of strains, including strains producing almost exclusively curdlan, like strain 1OC3K, and strains producing mainly succinoglucan, like strain 22, were induced by treatment with nitrosoguanidine. As shown in Fig. 3 , the parent strain 10C3 producing succinoglucan in a high yield with a little curdlan partially stained with Aniline Blue, while strain 22 did not stain appreciably and strain 1OC3K stained significantly.
Thus, attempts were made to see whether Aniline Blue could be used for detecting the appearance of colonies capable of producing much curdlan-type polysaccharide. For example, Agrobacterium radiobacter IFO 12665 cells were streaked on agar medium containing Aniline Blue. Figure 4 shows that blue colonies appeared in the streaked culture. This interesting phenomenon was also observed with Agrobacterium radiobacter IFO 12607, 13127, 13256, and Agrobacterium sp. IFO 13660 in addition to Alcaligenes faecalis var. myxogenes 10C3 and Agrobacterium radiobacter 12665. The production of curdlan-type polysaccharide and watersoluble polysaccharides by strains obtained as blue colonies from parent strains was compared with those by parent strains. Table 6 shows that strains isolated as blue colonies produce curdlan-type polysaccharide, generally in a high yield, but did not produce appreciable amount of water-soluble polysaccharides. 
DISCUSSION
The j9-1,3-glucan callose has been detected in various parts of the tissues of higher plants by staining with Aniline Blue (16) although /3-1,3-glucans such as paramylon and laminaran are known not to stain with this dye (17) . In addition to curdlan-type polysaccharide, NAKANISHI et al. (7) found that pachyman and yeast glucan stained with Aniline Blue. Thus, the glucans which stain clearly with Aniline Blue are curdlan-type polysaccharide, pachyman, and other similar polysaccharides. These glucans are composed largely or entirely of -1,3-gluco- sidic linkages. However, /l-glucans such as yeast glucan which contain other glucosidic linkages, in addition to ,(l-1,3-glucosidic linkages, can also form a complex with Aniline Blue. Not all the colonies of yeasts forming these 9-glucans stained with the dye as shown in Table 3 , but as dried cells they gave a positive staining reaction. It was also found that the colonies of some strains of Bacillus stained with Aniline Blue but the structure of the principal polymer forming a complex with Aniline Blue has not yet been studied. Yeast glucan and the polymer from Bacillus are considered mainly to be components of the cell wall. Thus, use of Aniline Blue is a good method not only for detection of production of exocellular /3-1,3-glucan, principally composed of 3-1,3-glucosidic linkages, but also for detection of some j3-glucan in the cell wall. Using this method we isolated a strain of Agrobacterium capable of producing curdlan-type polysaccharide. This method was also found to be useful for selection of colonies which can produce curdlan-type polysaccharide in higher yield than the parent strain. Unexpectedly we also found that the stained material can be stripped off from the colonies, leaving unstained cells, as shown in Fig. 5 . The material which formed a complex with Aniline Blue was identified as curdlan-type polysaccharide since the complex was hydrolyzed completely to glucose and the dye by exo-3-1,3-glucanase from Tremetes sanguinea.
